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Distributing and Synchronizing 
Heterogeneous Metadata in 
Geospatial Information 
Repositories for Access 
Elaine 1. Westbrooks 
IN 1998 THE Albert R. Mann Library created the Cornell University 
Geospatial Information Repository (CUGIR), a web-based repository pro- 
viding free access to geospatial data and metadata for New York State.' 
Since its inception, CUGIR has undergone a series of changes and 
upgrades in response to emerging standards and technologies in the field 
of geospatial information systems (GIs) and digital library research. Its 
continuous adoption of new library and GIs standards and developments 
has made CUGIR increasingly more accessible to users within Cornell 
University and beyond. 
The Cornell University Geospatial Information Repository has a num- 
ber of characteristics that pose unique challenges for digital library devel- 
opers. First, most GIs repositories manually distribute data and metadata 
via CD-ROM, whereas CUGIR freely distributes data and metadata via 
the World Wide Web, making it a true digital library. Second, it is rare to 
have a geospatial repository whose invention, support, and subsequent 
development occur within an academic research library. Academic GIs 
repositories or units are typically under the jurisdiction of urban planning, 
architecture, or geography departments. Because CUGIR is positioned in 
a library environment, it embraces standards and practices associated with 
the preservation, retrieval, acquisition, and organization of information. 
The library community has always been concerned with the archiving and 
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version control of information, and believes that consistent application of 
standards will increase interoperability. The library community also 
believes that metadata, though costly and difficult to create and manage, 
adds value to whatever it describes. The CIS community is most concerned 
with creating data efficiently, easing the burden of metadata, and distrib- 
uting data according to user requests. Generally speaking, GIs data are 
qualitatively different and more problematic than most digital library 
objects, including moving images.2 More importantly, perpetual updating, 
versioning, and "editioning" of data at the owner's request makes CIS 
data management and metadata management difficult.3 CUGIR reserves a 
position in two communities, library and GIs, requiring the CUGIR team 
to embrace the standards of both. 
This sum of CUGIR's unique characteristics led the team to ask the 
following questions: if one were to create a perfect and heterogeneous 
metadata management system for a digital library, like CUGIR, what 
characteristics would it possess? How would it behave? What problems 
would it solve? The CUGIR team set out to create a system characterized 
by automatic metadata updating and digital object permanence. The sys- 
tem would be designed to behave in a predictable fashion, reduce work 
and costs, and increase access. The CUGIR metadata model is not a per- 
fect metadata management system, but it is efficient. This is largely 
because it is a hybrid system embracing the standards, research, and prac- 
tices of the library community while adopting the GIs community's most 
attractive feature, its software. 
In striving for metadata management perfection, the CUGIR team 
became keenly aware of the shortcomings in the way GIs software man- 
ages digital objects and metadata, primarily the lack of version control for 
objects and preservation for metadata. Subsequently, these shortcomings 
were examined under the lens of the Functional Requirements for 
Bibliographic Records (FRBR) conceptual data.4 This set of requirements 
was sponsored by the International Federation of Library Associations 
and Institutions' (IFLA's) section on cataloging to address the changes in 
cataloging processes. The FRBR addresses three groups of entities, but for 
CUGIR's purposes the first group, which outlines the primary relation- 
ships between works, expressions, manifestations, and items, is most crit- 
ical. In particular, FRBR's use of the concept work was examined in the 
context of CUGIR, and it was through this lens that the team began to 
view the differences among metadata surrogates or entities within CUGIR. 
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Similarly, the weaknesses of the typical digital library metadata model, 
particularly its disregard for automation, were addressed in two ways. 
First, the storage of surrogate records for multiple manifestations of the 
same expression was eliminated. Second, the automatic metadata-creation 
tools unique to GIs software applications were exploited to increase effi- 
ciency. These changes proved to be a step in the right direction toward 
improved management of heterogeneous metadata. 
The purpose of this chapter is to introduce the CUGIR metadata man- 
agement model, whose primary goal is access. This model specifically 
attempts to address the following problems that can hinder access: 
1. Management of multiple metadata schemas, i.e., FGDC, MARC, and 
DC, that occur in multiple manifestations and expressions in CUGIR 
2. The lack or absence of fixity and persistence or permanence of 
geospatial digital objects5 
3. The creation and maintenance of metadata that is typically diffi- 
cult, costly, and time-consuming 
4. The lack of tools to automate the creation and management of 
metadata, in particular, metadata synchronization 
It was the goal of the CUGIR team to take the best of both worlds (digi- 
tal libraries and GIs applications) and merge them to make a powerful 
system from which both communities could benefit. Although this model 
was chiefly designed for geospatial data and metadata, it can be applied 
to other types of digital libraries. 
BACKGROUND 
CUGIR is a clearinghouse and repository that provides unrestricted access 
to geospatial data and metadata, with special emphasis on those natural 
features relevant to agriculture, ecology, natural resources, and human- 
environment interactions in New York State. Staff at the Albert R. Mann 
Library of Cornell University began looking at ways to disseminate 
geospatial data from Mann's collections via the Web in 1995, and in 1998 
they established a web-based clearinghouse for New York State geospatial 
data and metadata. Building a clearinghouse entailed creating partnerships 
with local, state, and federal agencies; understanding how to interpret and 
apply the Federal Geographic Data Committee (FGDC) Content Standard 
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for Digital Geospatial Metadata (CSDGM); and designing a search and 
retrieval interface, as well as a flexible and scalable data storage system.6 
The CUGIR team consists of five regular members, each coordinating 
work within their areas of specialty. Primary responsibility for the overall 
coordination of clearinghouse development rests with the GIs librarian. 
This team provides for the management, preservation, organization, and 
storage needs of datasets that are distributed in CUGIR, but which are 
owned by various departments in New York State governmental agencies 
as well as Cornell-affiliated departments, agencies, and researchers.' 
Although the CUGIR team strives to make access better, the biggest 
responsibility of the team is adding value to the data within CUGIR. 
The Cornell University Geospatial Information Repository is one of 
250 international nodes within the National Geospatial Data 
Clearinghouse that contain searchable metadata records describing 
geospatial datasets. All nodes are located on data servers using the 239.50 
information retrieval protocol. As a result, nodes can be linked to a single 
search interface where the metadata contents of all nodes, or any subset in 
combination, can be searched simultaneously. The Cornell repository, like 
most clearinghouse nodes, has its own website with customized browsing 
and searching interfaces. Usage statistics indicate that CUGIR's utility and 
popularity continues to grow. Since 1998, CUGIR data requests have 
increased by at least 40 percent each year. In fact, it is projected that 
CUGIR will record over 100,000 requests in 2004, the most for any sin- 
gle year since the repository was established in 1998.8 
CUGIR Data 
Currently CUGIR freely distributes online over 7,000 datasets produced 
by ten data partners, and their data come in seven unique proprietary and 
nonproprietary formats. 9 In many cases, one dataset is produced in mul- 
tiple formats. For example, the dataset "Minor Civil Divisions, Albany 
County" is available in ArcExport as well as in shapefile format. Each for- 
mat has unique characteristics that make it more or less desirable for cer- 
tain uses and purposes. Unlike most digital library files that require little 
more than Internet connectivity and web browser software, geospatial 
data require technical expertise in the use of sophisticated and powerful 
GIs software applications. In addition, users must also understand carto- 
graphic and geographic concepts related to CIS. 
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CUGIR Metadata 
In 1994 the Federal Geographic Data Committee established the Content 
Standard for Digital Geospatial Metadata for describing the content and 
function of geospatial data. There are 334 different elements in FGDC's 
CSDGM, 119 of which exist only to contain other elements.10 These ele- 
ments are organized within seven main sections and three supporting sec- 
tions that describe different aspects of data that potential users might need 
to know: Identification Information, Data Quality Information, Spatial 
Data Organization Information, Spatial Reference Information, Entity 
and Attribute Information, Distribution Information, and Metadata 
Reference Information. For more extensive information about geospatial 
metadata, see Hart and Phillips's Metadata Primer.11 
The Content Standard for Digital Geospatial Metadata is detailed, 
hierarchical, and complex. A high percentage of CUGIR geospatial meta- 
data is provided by the data producer, and all of it is reviewed and 
enhanced by the metadata librarian to make it fully FGDC-compliant. 
Figure 9-1 is an example of a CUGIR record entitled "Minor Civil 
Divisions, Albany County." Note that the "Online-Linkage" element links 
users to the Dublin Core (DC) record where the data can be downloaded. 
Minor Civil Divisions, Albany County (ARC Export : 1998) 
I / Metadata also aMUrblr as - [Parseable id] - [m - [w I 1 / Metadata: 
Identificatsorr Informnation 
Data Owhtv Informahon 
Spatwl Data O r m t ~ o n  informatiotl 
Spattaf Reference Infot~mtion 
Entay and 'ttrxbute Infonation 
Dtstrrhution Infonmtlon 
* Pd&data Reference fnfomratron 
Iden#ificatron-hfomat~on 
citadron 
Citat~on-In fowmi~on 
Ouiginaror U S Depattmwt of Commerce Bureau uf the Census 
Publl~&0i2-m~ 1998 
Title &or Cnnl Dimsions, Albany County (ARC Export 1998) 
PublicaNon-In fornation 
fiblzcdzon-Plme Wasfungton, DC 
Publ~sher Bureau of the Census 
Onl~ne-Ijnkage - i~t tp~ ' / t ' lu~~? rrmud~h cntnrl edUrUucketstI~lsp1 ~sp'idzL& 
FIGURE 9-1 Geospatial/FGDC metadata record in CUGIR. From this record, one 
may download the dataset from the online linkage. 
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Of the 7,117 datasets in CUGIR, 7,111 are accompanied by FGDC-com- 
pliant metadata. CUGIR metadata are created and stored as ASCII text, 
HTML, SGML, and XML. Online users may view any metadata record in 
any syntax of their choice. 
CUGIR METADATA MANAGEMENT 
Today the term "metadata management" is increasingly being used by 
librarians, computer scientists, information scientists, and the e-commerce 
community.12 Although libraries managed metadata long before it was 
known as metadata, the term "metadata management" has not been com- 
pletely defined. Some practitioners indicate that it is an organizational 
process that can or cannot be automated, but the author takes the term 
one step further: "In a broad sense and in the case of CUGIR, metadata 
management implies the implementation of a metadata policy (i.e., princi- 
ples that form the guiding framework within which metadata exists) and 
adherence to metadata standards."l3 Furthermore, metadata management 
is the process of acquiring and maintaining a controlled set of metadata, 
with or without automation, in order to describe, discover, preserve, 
retrieve, and access the data to which it refers.l4 
As problems arose in the development of CUGIR, it became clear that 
although the CUGIR team and its data partners had been creating meta- 
data for years, there had never been a metadata policy that was explicitly 
articulated for them. This oversight was exposed when the CUGIR team 
began to approach preservation-since preservation policy should rest 
heavily on metadata policy. Although metadata policy and management 
are not panaceas for digital library woes, metadata management can 
ensure efficiency, interoperability, extensibility, and cost effectiveness 
through a clear and concise plan. The more complex, relational, and het- 
erogeneous CUGIR metadata became, the more it became necessary to 
adopt a metadata policy as well as a preservation policy that would 
inform a metadata management system to deal with preservation, access, 
data and metadata versioning, and redundancy. 
The CUGIR team identified one major area essential to CUGIR's suc- 
cess-access. It was clear to the team that Cornell University's core con- 
stituency of faculty, students, and staff were not sufficiently utilizing 
CUGIR's geospatial resources. In order to make geospatial information 
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resources more accessible to users who might not otherwise encounter 
them, CUGIR's FGDC records were converted to MARC and added to the 
library's online catalog and OCLC's Firstsearch. In addition, FGDC 
records were converted to Dublin Core (DC) and subsequently harvested 
by the Open Archives metadata harvester.15 
Another identified problem was the prevalence of redundant metadata 
records that differed only in syntax, i.e., HTML or XML (Extensible 
Markup Language). The storage of metadata in HTML, XML, SGML, 
and ASCII text was difficult to manage when changes were necessary. 
Similarly, the repetition of metadata elements or fields in those metadata also 
demonstrated inefficient use of storage space. In order to address these prob- 
lems, the CUGIR team set out to introduce a more accessible and efficient 
management system, based on the notion of one canonical metadata work. 
Canonical CUGIR Metadata 
In order to minimize the amount of data lost as a result of crosswalking 
among multiple schemas, the metadata schema-conversion process began 
with the core, or canonical, FGDC record that is assembled on-the-fly. The 
FGDC record is considered the "native" and most complete source of 
information in one of the most flexible exchange syntaxes, XML. With no 
existing tools to convert FGDC XML to MARC XML, this was quite a 
challenge. Elizabeth Mangan of the Library of Congress created an 
FGDC-to-MARC 21 crosswalk that was a useful beginning, but a new 
and customized FGDC XML-to-MARC XML crosswalk had to be created 
to suit our purposes.16 The MARC XML is also derived from the canon- 
ical form and is produced on-the-fly. 
What makes the use of the canonical record even more important is the 
upcoming introduction of International Organization for Standardization 
(ISO) geospatial metadata. The IS0 metadata, when implemented, will 
harmonize the FGDC Metadata Standard (FGDC-STD-001-1998) with 
the ISO's Geographic Information/Geomatics Technical Committee (TC) 
211 Metadata Standard 19115.17 The standard will be expressed as a 
multilingual XML Schema designed to be extensible, multilayered, and 
modeled in Unified Modeling Language (UML).ls In addition, it will be 
integrated with other IS0  standards such as Dublin Core ( IS0  
15836:2003) and Codes for the Representation of Names of Languages 
(IS0 639-2).19 
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This harmonization process is a powerful step in the right direction 
because it not only addresses many known deficiencies in FGDC CSDGM, 
but also enables interoperability while providing additional support for 
the functions of metadata. Embracing XML-encoded FGDC is the CUGIR 
team's way of preparing for the upcoming changes. Given the metadata 
tools and practices we have in place, we expect a predictable and effort- 
less transition from FGDC to ISO. Thus CUGIR will be poised to make 
an early transition, instead of waiting for proprietary metadata tools to 
emerge. The canonical record is stored in a database and is produced on- 
the-fly. This method allows for the introduction of some efficiencies; for 
example, each data partner has standard contact information (e.g., 
address, telephone number). Instead of repeating such information in each 
and every metadata record, it is stored once and rendered dynamically. 
Figure 9-2 illustrates the CUGIR metadata conversion process. 
FIGURE 9-2 CUGIR metadata conversion process 
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As shown in the figure, the FGDC metadata is stored within a relational 
database and links to the bucket that is populated by Dublin Core. In 
addition, the activities above the line represent the new way of managing 
the metadata, and the activities below the line represent the old way of 
producing metadata records manually. 
Resource Description framework for Open Archives Initiative 
and the Semantic Web 
The Open Archives Initiative (OAI) Metadata Harvesting Protocol was 
the only metadata-sharing tool, outside of CUGIR and the National 
Geospatial Data Clearinghouse, that was used to enhance access to 
CUGIR.20 The minimum requirement for metadata in OAI is simple 
Dublin Core.21 The CUGIR team chose to use the Resource Description 
Framework (RDF) for a number of reasons, the first being the convenient 
use of OCLC's Connexion to export OAI-ready DC in RDF with little 
effort.22 As the metadata project progressed, we favored a less OCLC-cen- 
tric approach to metadata creation. Moreover, we discovered that DC- 
compliant RDF records (in XML) could be easily created with XML 
stylesheets (XSL) coupled with Extensible Stylesheet Language 
Transformations (XSLT).23 The use of RDF can be justified by its integral 
role in the Semantic Web. 
Metadata Management with MARC 
The contribution of MARC 21 records to OCLC makes CUGIR data 
internationally accessible to WorldCat users. Additionally, other libraries 
on the OCLC network get the opportunity to utilize full-level MARC 
records. The integration of CUGIR data into the Cornell University OPAC 
made it possible for library users to discover geospatial resources as they 
typically discover journals, books, and online databases. In sum, the trans- 
formation from FGDC to MARC 21 enabled the CUGIR team to do the 
following: 
1. Gain bibliographic control over CUGIR metadata records outside 
of CUGIR. 
2. Enhance access to geospatial records via the OPAC. 
3. Share MARC 21 records with libraries worldwide via WorldCat. 
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A CUGIR MARC 21 record is based on the XML-encoded FGDC records 
and transformed on-the-fly using XSLT. See figure 9-3 for an example of 
a MARC 21 record in the Cornell University Library's OPAC based on the 
FGDC record shown in figure 9-1. 
While the team was already creating multiple metadata schemas, it 
seemed only natural to include some of the latest developments in meta- 
data, such as the Metadata Object Description Schema (MODS).24 The 
addition of MODS into the metadata framework forced the team to cre- 
ate an FGDC-to-MODS crosswalk, stylesheet, and transformation, since 
none existed.25 The MODS schema is a flexible XML-based descriptive 
standard which can be combined with other XML-based standards, 
including the Metadata Encoding and Transmission Standard (METS).26 
METS, a standard for encoding descriptive, administrative, and structural 
metadata regarding objects within a digital library, fills in essential com- 
ponents needed to manage a digital library. Since any descriptive metadata 
that is part of CUGIR can be part of METS objects, we anticipate that the 
next step will be to investigate how well METS can handle geospatial 
information. 
Minor GviL Divisio~s, AilBmy COMB@ 
Database: Cornell Umversity Library 
Tie:  Minw Civd Divisions. Ahany County [electronic resource] 
hblished: Washmgton. DC Bureau of the Census, 1998 
Descriptian: Scale not gven 
Electronic Access: http Drum2 m d b  cornell ed&ubetsrr)tsplau 1sp%W284 
Sumtnary: These files are an extract of selected geograpk and cartogaphic mformatxon &-om the 1995 T I C W e  
Sleles detaJlng county subdmsions This dataset mcludes minor clwl dimsions and other stahshcal entihes 
Notes: Mode of Access World Wide Web 
System Regurrements Some files reqwe desktop Geographc mformafion Systems (GIS) software such 
as W I n f o ,  ARCIInfo, Arcview, or Adobe Acrobat Reader, for s t o w ,  m o m ,  querying, analynng. 
and displayme! various forms of geospahal data on Wmdows, U C  or UNLrC: platforms AddihonaIIy, 
some Eles require desktop extraction uthbes such as Wimp to handle compressed or archived &s 
Restrictions: Access Constramts None 
Rights Access None Acknowledgement of the U S Bureau of the Census would be appreciated for 
products denved &om these Eles TIGER, TIGElVLme and Census TIGER are trademarks of the Burtau 
of the Census 
FIGURE 9-3 MARC record in the Cornell University Library online catalog. Notice 
how the Electronic Access (MARC 856) field is identical to the link, no. 284, found in 
figure 9-1. 
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Metada ta Editing and Automa tic Metada ta Creation 
and Synchronization 
CUGIR currently uses a suite of software produced by the Environmental 
Systems Research Institute (ESRI), commonly used in geospatial informa- 
tion analysis, to manage and store CUGIR data and metadata. These 
include the software components ArcGIS, an Internet Mapping Service 
(ArcIMS), and a Spatial Data Engine (ArcSDE). ArcGIS contains a data 
management tool known as ArcCatalog, which is a data exploration and 
management application used to preview metadata as well as a dataset's 
geographic and tabular data. It automatically creates metadata for 
datasets stored in the geodatabase if none exists. Some of the automati- 
cally generated metadata describe the data's current properties, i.e., coor- 
dinate system, entity, and attribute information. Every time the metadata 
librarian views the metadata, ArcCatalog automatically updates or syn- 
chronizes dataset properties with its most current values. The synchro- 
nization ensures that the metadata is perpetually up-to-date according to 
the changes in the dataset. Automatic synchronization is invaluable, but it 
brings forth a host of problems associated with archiving and biblio- 
graphic control. Making distinctions between and among metadata ver- 
sions, editions, and updates is crucial for any type of digital library with 
archiving responsibilities such as CUGIR. The inability of the synchro- 
nizer to differentiate a version of a metadata record from an edition or 
update brought forth a new set of challenges. 
FUNCTIONAL REQUIREMENTS FOR BIBLIOGRAPHIC 
RECORDS OVERVIEW 
When the CUGIR team needed to determine the key issues in distinguish- 
ing and classifying CUGIR metadata, it was clear that the FRBR entity 
hierarchy could provide some guidance. CUGIR, like most digital 
libraries, organizes data linearly. There is a one-to-one relationship 
between CUGIR datasets and metadata. The metadatabase system in 
ArcCatalog displays bibliographic information in hierarchical ways, yet 
the a priori relationships are not fully captured. Fortunately, CUGIR's 
Smart Object Dumb Archive (SODA) architecture alleviates the problem 
by displaying alternate expressions of datasets, but SODA cannot fully 
capture the hierarchical relationship inherent to the data. The intricate 
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details of the SODA model have been well documented by its creator, 
Michael Nelson.27 The similarities and differences among expressions, 
manifestations, and items pose unique challenges for the archiving, preser- 
vation, and organization of CUGIR data. 
In some cases, changes to  the intellectual content of the dataset (e.g., 
datum) are reflected in its respective metadata. Similarly, a change in the 
way a particular dataset is packaged (e.g., compression) can also be han- 
dled under synchronization. On the other hand, there are often changes to 
the data that are not necessarily recognized by the synchronizer. For exam- 
ple, a change in a keyword would not be apparent to the metadata syn- 
chronizer, but represents nonetheless a key access point change in the 
metadata. The CUGIR team works frequently with data partners that are 
more familiar with the world of GIS than with theory and research regard- 
ing the intellectual organization of information. Geospatial information 
practitioners do  not make distinctions between intellectual content and 
physical packaging, but in the world of libraries such issues are viewed as 
critical. These relationships, nuances, and embodiments of CUGIR meta- 
data records should be examined under the FRBR lens in order to secure 
clarity over what should be and should not be synchronized. 
FRBR and CUGIR Metadata 
The FRBR model can assist in determining what should be the appropri- 
ate unit of storage for the organization, discovery, preservation, and 
description of CUGIR data. Any substatltial changes to the canonical 
FGDC record means that the derivative records (DC-RDF, MARC 21, 
MODS) must be changed as well. The design of the CUGIR metadata 
model is in concert with Jenkins et al.'s assertion: "Automatic metadata 
generation would appear to  be an essential pre-requisite for widespread 
deployment of RDF based appli~ations."~8 The application of the FRBR 
model to CUGIR records is shown in figure 9-4. 
The CUGIR team is still negotiating methods by which the synchro- 
nizer can h e  programmed to  form an FRBR-like hierarchy when metadata 
needs to be changed. Since the synchronizer does not understand the dif- 
ference between an intellectual and physical change, the metadata records 
were parsed in such a way as to require a command that dictates: <when 
field 1 .I  .2 (thesaurus field) changes in FGDC record, do not synchronize 
metadata because it has intellectually changed>. Although the entire 
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Mnor CiviJ Divisions WON 
Shapefile [Expressiola] 
DC-RDF (XldL) [Marla &sf atlolas] 
FGDC [Marnfesfaflons] 
XML 
HTML 
SGML 
ASCII Text 
MARC [Macnafestaiions] 
MARC 21 
MARC m L  
MODS (XIdL) 
[Expressiola] 
DC-RDF (XML) [Marnafedar f ions] 
FGDC [Malarjesfailons] 
m L  
HTML 
SGML 
ASCII Text 
MARC 
MARC 21 
MARC XML 
MODS (XIdL) 
FIGURE 9-4 CUGIR metadata conceptualized in the FRBR work entity framework 
analysis of CUGIR data is incomplete, it is clear that CUGIR data does not 
fit neatly into the FRBR model. 
LESSONS LEARNED 
During the course of any metadata-intensive project, the tools (software), 
knowledge, and the metadata schemas will change. In hindsight, there is 
little that the CUGIR team could have done to improve the metadata man- 
agement model. This is because changes to the software, the team's knowl- 
edge set, and the metadata standards happened unpredictably throughout 
the implementation of the metadata management system. 
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Metadata. When the project began, CUGIR utilized the existing meta- 
data standard, FGDC. Currently, IS0 metadata, in an XML Schema, has 
been approved and destined to replace FGDC. This transition from FGDC 
to IS0 was one of the biggest catalysts that forced the team to expand 
their use of metadata standards. 
Software. The software and tools that were developed for the project 
changed as the standards and understanding changed. When the CUGIR 
metadata management project was conceived, it was designed to deal with 
metadata in SGML (Standard Generalized Markup Language), not XML. 
Because CUGIR was using the Isite software, which required SGML, the 
team was working with the assumption that ISITE and SGML, respec- 
tively, would be used for indexing CUGIR metadata for three more 
years.29 It became clear that SGML was too cumbersome, so the team was 
forced to re-create the tools with XML in mind. In addition, the CUGIR 
data was migrated to the proprietary software package produced by the 
GIs leader ESRI, eliminating the last remaining need for SGML. 
Knowledge. Probably the most important and underestimated factor 
that had an impact on the progress of the project was the knowledge base 
of the team. As the programmer and the librarians involved became more 
knowledgeable about the utility of RDF, their ideas began to shift. The 
placement of RDF within the model happened as the team became exposed 
to more information about RDF, the Semantic Web, and ontologies. 
OUTCOMES OF CUCIR METADATA FRAMEWORK 
The CUGIR metadata framework proved successful in reaching its pri- 
mary goals: increasing access and implementing an efficient metadata 
management system. But clearly the test of the system's effectiveness is in 
the question of whether more users discovered CUGIR as a result of the 
metadata framework. 
When the framework was implemented, referrer data, which indicated 
the web page that a user visited in order to access the bucket, was captured 
and stored in a database. The IP addresses of the hosts were also collected. 
To preserve the privacy of users, the IP addresses were encrypted and the 
subnets dropped from the statistics database. As a result, the domain 
name rather than the unique address of the computer has been stored. 
These data identify whether users encountered a bucket from OAI, the 
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Cornell OPAC, or OCLC's FirstSearch as their entry into CUGIR. Since 
the metadata framework has been in place over 12,000 buckets have been 
accessed from a variety of locations. The results indicate that less than 5 
percent of our users discover CUGIR metadata via the Cornell OPAC. 
Less than one percent of our users discover CUGIR metadata via 
FirstSearch. Almost 95 percent of our users discover CUGIR metadata 
from CUGIR's home page. 
If only 5 percent of our users discovered CUGIR as a result of this 
metadata framework, was it worthwhile? Although the statistics do not 
indicate "success" in regard to access, the work and process of formulat- 
ing the metadata-sharing framework forced us to document all metadata 
processes, streamline workflows, and create more metadata with less 
effort. In terms of data management, the metadata framework reduced the 
number of metadata files that had to be managed and stored. CUGIR no 
longer stores each metadata schema in multiple formats. In the past, we 
stored nine metadata files per dataset; now we only store one. 
CONCLUSION 
We are confident that our work to make CUGIR more accessible will pay 
off in the long run. Furthermore, the proliferation of web mapping ser- 
vices will expose GIs data to even more users. Increasingly diverse and 
sophisticated interactive mapping websites, allowing instant creation of 
customized maps, exemplify the most dynamic aspects of GIs usage. 
Many repositories are beginning to offer interactive mapping websites 
where one can create maps based on large census, Environmental 
Protection Agency, or U.S. Geological Survey databases of information. 
Finally, the value of the CUGIR metadata framework is promising 
when one examines the growing importance of standards in the GIs com- 
munity. Consortia such as the Open GIs Consortium are aimed at grow- 
ing interoperability for technologies involving spatial information and 
location, so that benefits from geographic information and services can be 
made available across any network, application, or platform.30 With this 
in mind, analysis of data on the use of the CUGIR metadata management 
system yields some interesting insights: 
1. In spite of the vast efforts to make CUGIR data accessible across 
metadata schemas and information systems, users who know 
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about CUGIR overwhelmingly prefer to acquire data from the 
FGDC metadata records on the CUGIR home page. This may 
always be the case no matter how much metadata sharing persists. 
2. The OPAC provides discovery but minimal means for access for 
users who might not otherwise discover geospatial data. 
3. The addition of MARC 21 records in OCLC has not significantly 
increased access to CUGIR, but other libraries in the OCLC net- 
work have access to full-level MARC records and may find them 
useful. 
4. The application of the FRBR model helped the team make clearer 
distinctions among metadata surrogates, but it did not necessarily 
solve the problems that GIs software presents to digital libraries. 
The fundamental value of the library is the organization of informa- 
tion as the foundation through which information resources can be uti- 
lized. Centuries of library research support this claim. The same principles 
are not routinely being applied to digital libraries. The CUGIR team 
embraces metadata as the first-order prerequisite to establishing a com- 
plete geospatial repository. Furthermore, it should be clear that library 
standards and theory as well as GIs standards and software must be 
applied in concert, in order to produce open, interoperable, efficient, and 
robust digital libraries. 
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